Treatment options include external immobilization with rigid cervical collar or a halo device and internal fixation with screws and atlantoaxial fusion. 13, 16 Patient age is an important factor influencing the decision making in the management of C-2 fractures. Inferior outcomes and greater risk of complications with conservative management for odontoid fractures have led to the increasing popularity of surgical interventions, especially in elderly patients. 18, 21 On the contrary, the majority of traumatic spondylolisthesis fractures are treatable with nonoperative measures in all age groups; however, surgery is indicated in grossly displaced and malaligned fractures. 16 There is a lack of data on age-specific national trends associated with C-2 fractures. In this study, we aim to identify the incidence, treatment trends, complications, length of stay, and hospital charges for isolated C-2 fractures in patients in 3 different age groups by using the Nationwide Inpatient Sample (NIS) database.
methods data set
Data were obtained from the NIS from 2002 to 2011. The NIS is part of Healthcare Cost and Utilization Project (HCUP) sponsored by the Agency for Healthcare Research and Quality (AHRQ). The database represents an approximately 20% stratified sample of US hospital admissions and contains data on a total of 7-8 million hospital admissions. The database contains information about patient demographics, hospital characteristics, comorbidity measures, ICD-9-CM diagnosis and procedural codes, hospital charges, and discharge disposition. The quality control and reliability of the NIS have been previously examined, and the accuracy is at least as good as the National Hospital Discharge Survey. 1 
selection of cases
Data from patients of all age groups with closed fractures of C-2 without spinal cord injury (ICD-9-CM diagnosis code 805.02) were extracted from the database. Isolated C-2 fractures were selected by excluding the patients with spinal cord injury (codes 806.01-806.04), other spinal injuries ( Three different age groups (< 65 years, 65-80 years, and > 80 years) were identified in the cohort of patients with isolated C-2 fractures. The information on patient demographics, primary payer, income quartile, and hospital characteristics was compared among study (age) groups. Hospitalization incidence rates (per 100,000) were calculated using US population census estimates in respective age groups. 8 The average yearly incremental increase in population was identified by calculating the difference between the 2000 and 2010 censuses. The incidence was determined by dividing the national estimates of the number of cases by population in the specific year and age group. Comorbidity burden was estimated as the modified Charlson Comorbidity Index (CCI) using Disease Severity Measures Files. 6 Treatment characteristics were identified based on ICD-9 procedure codes. Codes for the nonoperative interventions were 02.94 (insertion or replacement of skull tongs or halo traction device) and 93.41 (spinal traction using a skull device). Codes for operative intervention included 03.53 (vertebral fracture repair), 81.01 (atlas-axis spinal fusion), 81.02 (cervical fusion of the anterior column with an anterior technique), 81.03 (cervical fusion of the posterior column with a posterior technique), and 81.62 (fusion or refusion of 2-3 vertebrae). Trends of treatment types in different age groups were calculated for each year. Patients undergoing operative as well as nonoperative intervention (halo application and traction) were also included in the operative group.
Discharge disposition, length of stay (LOS), total hospital charges, and total annual hospital charges were used as the determinants for resource utilization. Discharge to home or self-care was defined as routine, and disposition to other facilities was identified as nonroutine discharges. The mean and total annual hospital charges were calculated for patients in each age group. Total annual hospital charges represented the national burden of inpatient care for C-2 fractures per year. Hospital charges were inflation adjusted over the 10-year period to the fiscal year 2013 US dollar value by using the national consumer price index calculator (http://www.bls.gov/data/inflation_calculator. htm). By definition, total hospital charges differ from the total cost. Total charges are the amount requested by the hospital from the payer and do not include the charges for the surgical procedure. Mortality, perioperative complications, and other inpatient adverse events were identified (ICD-9-CM diagnostic and procedure codes [Appendix Table 1 ]), and the incidence of events was compared between the 3 age groups.
statistical Analysis
Analyses were performed with unweighted data using SPSS (version 22.0, IBM) and XLSTAT (version 2014.5, Addinsoft). The NIS discharge weights were used to calculate the national estimates incidence of hospitalization and total annual charges. Independent t-tests and chi-square tests were used to compare continuous and categorical data, respectively. ANOVA was performed to compare mean hospital charges between the 3 age groups, and the post hoc Tukey test was used to identify the influence of the specific age group. Trends of incidence and treatment were compared by correlation coefficient test (Pearson's r). The independent impact of different age groups on the complications and discharge disposition was identified by performing multivariate logistic regression analysis. Race, sex, income, type of admission, primary payer, teaching status, region of the hospital, and comorbid conditions were inserted to determine the independent effect of the risk factors. A standard multiple regression analysis was performed utilizing the "Enter" method. Adjusted odds ratios and 95% confidence intervals were calculated and demonstrated on forest plots using the < 65-year age group as a reference category; p values < 0.05 were considered to be statistically significant.
results
A total of 10,336 patients with isolated C-2 fractures were identified from 2002 to 2011. The majority of the patients were in the elderly age group (> 80 years; 42.3%), and the mean patient age was 71.1 ± 20.1 years (Table 1) . Overall, the incidence of hospitalization increased by 1.6-fold from 2002 to 2011 (r = 0.94, p < 0.001) (Fig. 1) . The incidence of hospitalization increased most significantly in patients > 80 years (r = 0.97, p < 0.001) compared with those 65-80 years of age (r = 0.91, p < 0.001). However, the incidence did not change substantially in younger patients (< 65 years; r = 0.37, p = 0.287). patient demographics and hospital characteristics Overall, females constituted a larger group in the cohort (56.8%), and this proportion was even greater in the > 80-year age group (66.2%). The youngest patient group (< 65 years) had a higher percentage of nonwhite individuals than the other age groups (26.3% vs 12.2% [65-to 80-year age group] and 8.6% [> 80-year age group]). The youngest group had a greater number of patients with lower median household income (30.2%); however, these patients were largely covered by private insurance (51%). Patients in the > 80-year age group tended to have more nonelective admissions. The mean CCI was significantly higher in the 65-to 80-year and > 80-year age groups (ANOVA, p < 0.001), which was not significantly different between these 2 categories (post hoc test, p = 0.625). Hospitals in the South region accounted for the majority of the patients (39.4%) and had more patients in the youngest age group. More patients in the youngest age group (< 65 years) were admitted to urban and teaching hospitals (Table 1 ).
treatment trends in three different Age groups
Overall, 21% of the patients were treated surgically, whereas 12.2% of patients underwent nonoperative interventions (halo application and/or spinal traction). Trends of specific operative and nonoperative interventions are summarized in Table 2 . The rates of halo application significantly decreased from 2002 to 2011 (r = -0.98, p < 0.001), which includes all age groups. The rates of posterior atlantoaxial fusion did not significantly change over time (r = -20, p = 0.377) and were stable across all age groups. Overall and in the patients in the > 80-year age group, the trends of vertebral fracture repair did not change (r = 0.42, p = 0.230; and r = -0.31, p = 0.389, respectively); however, the rates of repair of fracture increased in the < 65-year and 65-to 80-year age groups (r = 0.67, p = 0.033; and r = 0.62, p = 0.056, respectively). The trends of treatment type are summarized in Table 3 . The rates of nonoperative interventions significantly decreased from 2002 to 2011 in all age groups (p < 0.001; Fig. 2 ). There was no significant change in the rates of operative intervention in any of the age categories (p > 0.05; Fig. 2 ).
inpatient and perioperative complications
In the nonoperative group, mortality was higher in the > 80-year age group (6.7%, p < 0.001). Patients in the older age groups (65-to 80-year and > 80-year groups) had a higher incidence of CNS, cardiovascular, pulmonary, renal, and gastrointestinal complications (Table 4) . Except CNS events, the rates of complications were still higher in these age groups on multiple regression analysis; however, cardiovascular complications in the 65-to 80-year group were not significantly different in the reference to patients in the < 65-year age group (Fig. 3) .
In the operative group, the mortality rate was significantly higher in the > 80-year age group (5.1%, p < 0.001). The incidence of neurological, cardiac, respiratory, and thromboembolic complications and dysphagia was greater in older patients ( Table 5 ). The patients in the 65-to 80-year and > 80-year age groups had a greater risk of blood transfusions (8.3% and 9.5%, respectively) compared with the youngest age group (< 65 years; 4.1%). After adjusting for covariates in multiple regression analysis, the risk of death, cardiac and respiratory complications, and dysphagia was still significantly higher in elderly patients (Fig. 4) . Older age was not an independent risk factor for a higher incidence of thromboembolic events.
discharge disposition, los, and hospital charges
The patients in the older age groups (65-to 80-year and > 80-year groups) had substantially greater rates of nonroutine discharges both in operative and nonoperative categories (Tables 4 and 5 ). The risk of unfavorable discharges remained higher in the 65-to 80-year and > 80-year age groups even on multiple regression analysis (Figs. 3 and 4) .
Patients in the 65-to 80-year and > 80-year age groups had a longer hospital LOS in both the operative and nonoperative categories (Tables 4 and 5 ). Increase in LOS significantly correlated with increase in age in the nonoperative and operative groups (r = 0.14, p < 0.001; and r = 0.15, p < 0.001, respectively) (Fig. 5) .
In the nonoperative group, overall the mean hospital charges increased from $49,184 in 2002 to $62,396 in 2011 (r = 0.84, p = 0.003; Table 6 ). The increase was not observed in the 65-to 80-year age group (r = 0.43, p = 0.219; Fig. 6A ). The mean charges were significantly higher in the 65-to 80-year and > 80-year age groups (ANOVA test, p < 0.001); however, there was no difference within these 2 categories (post hoc test, p = 0.999). There was no significant change in total annual charges from 2002 to 2011 (r = -0.12, p = 0.740; Table 7 and Fig. 6C ).
In the operative group, overall the mean hospital charges increased from $67,176 in 2002 to $100,476 in 2011 (r = 0.83, p = 0.003; Table 6 ). The increase was not observed in the > 80-year age group (r = 0.52, p = 0.124; Fig. 6B ). The mean charges were significantly higher in the 65-to 80-year and > 80-year age groups (ANOVA, p < 0.001); however, there was no difference within these 2 categories (post hoc test, p = 0.744). There was a significant increase in total annual charges from 2002 to 2011 (from $50,949,945 to $110,890,260; r = 0.89, p < 0.001; Table 7 and Fig. 6D ), which was observed in all the age groups. 
discussion
The age distribution of the world population is changing, likely due to both declining fertility, but also declining mortality. 35 This leads to an increase in the subset of older persons within the population. As a result of this change in demographics, a noticeable change in the incidence of specific pathologies is also occurring. Two recent publications have brought attention to the rise in the occurrence of C-2 fractures in the developed world. 17, 37 A number of factors can be implicated in this process, including increasing age within the population, increased relative longevity in females with associated higher rates of osteoporosis, and the propensity to minor trips/falls in the elderly. 19, 26 Nonetheless, the increasing incidence of C-2 fractures in the population is in excess of that expected purely just from population aging alone. 37 Fractures of the axis are generally classified into 3 main groups: 1) fractures of the odontoid, the most common cervical spine fracture in the elderly population; 2) traumatic spondylolisthesis of the axis (Hangman's fracture); and 3) fractures of the axis body (miscellaneous fractures). Different injury mechanisms and kinetic energy levels transmitted are typically involved in these 3 groups, with the ideal management of each still being controversial. Management options include cervical collars, halo vest immobilization, and internal fixation.
C-2 fractures have a bimodal age distribution, with the first peak occurring in the 3rd decade of life and the second peak around the 7th decade. 25, 27 In the young population, injury is typically due to high-energy trauma, mostly motor vehicle accidents or falls from significant height. 7 In the elderly, these injuries tend to occur due to low-energy trauma, mostly related to falls from standing height. 22, 24, 29, 36, 37 For reasons that are still unknown, C-2 is the most commonly fractured vertebra in the cervical spine of the elderly. 29, 30 This study was performed to investigate the national trends of incidence, management, and resource utilization in patients in 3 age groups hospitalized for isolated C-2 fractures from 2002 to 2011. The study population was divided into 3 groups, the first group representing the younger population (< 65 years) and includes the peak in the 3rd decade, the second the older population (65-80 years), and the third group the elderly (> 80 years). Patients with spinal cord injuries or other spinal or extraspinal injuries were specifically excluded to focus the study purely on isolated C-2 fractures without confounding factors introduced by other associated injuries.
The study population included 10,336 cases of isolated C-2 fracture; the mean patient age was 71 years. The incidence of C-2 fracture increased 1.6-fold during the study period. The highest increase was found within the elderly group (> 80 years), and no change was found within the youngest group (< 65 years). This increase in the number of C-2 fractures is in keeping with the reported phenomenon of increasing incidence of C-2 fractures within western populations. 17, 37 Females accounted for 40.8% of the < 65-year, 58.3% of the 65-to 80-year, and 66.2% of the > 80-year age groups. The youngest group had a higher proportion of males, possibly as a result of the male propensity to traumatic injury in this age group, whereas females comprised a higher percentage in the older and elderly groups, probably due to females constituting a larger proportion of the elderly population as well as having a predisposition to decreased bone mineralization and subsequent bony fragility. Of the total study population, 21% underwent surgical treatment and 12.2% underwent nonoperative interventions. Although coding in the NIS database unfortunately does not allow the analysis of cervical orthoses, the remaining 66.8% of these patients were presumably treated with some type of cervical collar. During the course of the study period, the utilization of traction (both halo placement and spinal traction) significantly decreased in all age groups, while the rate of operative intervention did not change significantly in any of the age categories. Halo bracing has been shown by multiple authors to have an increased risk of morbidity and mortality, especially in the elderly population due to an increase in cardiac events, respiratory failure, and pneumonia. 23, 25, 28, 32, 33 This increase in awareness to the negative aspects of halo bracing may be the cause for the decreasing trend in utilization of this treatment option within the study population. Additionally, guidelines published by Hadley et al. 14 in 2002 established the role of cervical orthosis in the management of some C-2 fractures. A combination of these 2 factors likely led to the observed decline in utilization of traction options that is noted during the study period. Since operative intervention overall remained stable over the study period while the use of traction progressively decreased, the group presumably treated with cervical orthoses only increased over the course of the study period. This group accounted for 57.8% of the study population in 2002 and in 2011 made up 73.4% of cases.
In general, mortality rates were significantly higher in older patients regardless of treatment type (Tables 4 and  5 ). Furthermore, the incidence of death was higher in patients undergoing nonoperative treatment (2.6% vs 2.3% in operative group). The most striking difference was found in the elderly group (> 80 years) where the operative group had a 5.1% vs 6.7% mortality in the nonoperative group, which is consistent with reports in the literature. 23, 25, 33 Older age was an independent risk factor for a higher risk of systemic complications regardless of treatment given (Figs. 3 and 4) . However, age was not an independent risk factor for an increased risk of thromboembolic events in the operative group. The risk of dysphagia was found to be significantly higher in the elderly group, and the difference was more pronounced in patients treated surgically (6.6%) versus those treated nonsurgically (4.0%), which is also consistent with the earlier reports.
2,11,34
Length of hospitalization was significantly longer in elderly patients in the operative and nonoperative groups (Tables 4 and 5 ; Fig. 5 ). Compared with nonoperative treatment, surgical intervention resulted in longer hospital stays in all age groups. The latter finding was also observed by previous authors. 9, 31 Regardless of treatment type, patients in the older age groups (65-to 80-year and > 80-year groups) tended to have a higher risk of nonroutine discharges, which was also evident on multiple regression analysis (Figs. 3 and 4) . However, patients undergoing surgical intervention had higher chances for routine discharges. It would be tempting to interpret these data as implying that a patient treated with surgery will remain in the hospital longer but have a higher rate of return to home or self-care. In reality, this retrospective review captures historical data, in which individual physicians treated specific patients along with their medical comorbidities and unique fracture phenotypes according to their best judgment at the time. Presumably, individualized decisions were made at the time of injury, which, unfortunately, cannot be analyzed from the retrospective data. Regardless of treatment type, the hospital charges were significantly higher in elderly patients. Presumably, longer hospital stay and higher rates of inpatient adverse events in older patients accounted for greater hospital charges in these patients. Total annual charges (national estimate of the total cost for all patients with C-2 fractures within the US) were studied and demonstrated a significant increase in the total cost of operative treatment for C-2 fractures from $50,949,945 in 2002 to $110,890,260 in 2011. This is in keeping with previously reported series demonstrating an increase in the economic burden associated with operative intervention. 3 However, a sharp decline in total annual charges was observed from 2010 to 2011. This observation may be related to a lower incidence of C-2 fractures and decreased rates of operative interventions during this period ( Figs. 1 and 2) . Interestingly, the total charges for nonoperative intervention did not change significantly over this study period. Presumably, this is due to a decreasing number of cases of C-2 fracture being treated with traction options. Another factor to note is the progressive complexity of modern medicine, which leads to a progressive increase in the cost of care.
Data derived from analyzing large administrative databases are prone to well-known limitations that are applicable to this study. 20 These include coding errors, underreporting of events, and the inability to include outpatient/ postdischarge data. 4, 5 An additional limitation of this study is related to coding variations of ICD-9-CM. Broad definitions described in ICD-9-CM coding also limit the detailed and clear understanding of procedures and complications.
10
The code used to identify C-2 fractures is not specific to the type of fracture, but rather refers to a "fracture of C-2" and does not differentiate between the 3 different types of fracture groups described in the literature. The NIS database might also be underestimating the mortality and morbidity, since these were measured at the time of discharge. Duplication of cases is also possible, since it is not possible to differentiate between a single patient with one admission versus multiple readmissions of the same patient. Nonetheless, the sheer volume of cases and the yearly iterations of data grouping do allow one to study trends, associations, and complication rates.
conclusions
This study clearly demonstrates an increasing incidence of isolated C-2 fractures in elderly patients. It appears that the reports of adverse outcomes associated with nonoperative interventions resulted in decreasing use of these methods. Apart from increasing number of elderly patients, higher rates of inpatient complications and longer hospitalization in these patients compound the economic burden.
As the world population continues to age, the management of C-2 fractures is likely to play a progressively larger role in health care economics. The elderly are especially vulnerable to the complications of this pathology, and adequate management and anticipation of these issues would be a wise course to follow.
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